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Sunday, March 6, 2011 153aMultiple calibration techniques were used to verify the force range of ~0.01 to
~ 100pN and the accuracy of extension measurements obtained in image
processing. A micro-spray technique has been developed to introduce protein
solutions to the taut, single DNA construct to observe individual protein bind-
ing events. Using these techniques we will evaluate the binding energetics of
nucleosome formation with modified histones at a single molecule level.
832-Pos Board B632
Mechanically Unzipping Double-Stranded DNA with Built-In Sequence
Inhomogeneities and Bound Proteins
Ping Lu, Abhijit Sarkar.
We theoretically analyze the force signal expected during unzipping of DNA
with a) bound proteins and b) when the DNA is more strongly base-paired
over certain regions. We consider the case of a single bound protein, multiple
isolated bound proteins, bound proteins with cooperative interactions that re-
sult in collective force-induced unbinding events, and the case of a very large
number of bound proteins. In addition, we also analyze the case where the un-
zipping proceeds through multiple, isolated DNA regions which are more
strongly bound than the surrounding DNA. Our calculations are done in the
fixed-extension ensemble. In both cases we find two different types of force
traces which we label sawtooth profile and ramp-plateau profile.. In the for-
mer, the force extension curve has a series of sawtooth peaks superposed
on the usual constant force of ~15pN found unzipping bare DNA, while in
the ramp-plateau case, the force near an unzipping constraint increases
roughly linearly and then levels off and then returns to its baseline value
(~15pN) after the protein in unbound or the strongly base-paired region is dis-
rupted allowing the unzipping fork to pass through. These shapes are corre-
lated with the positions of bound proteins or sequence inhomogeneities. We
calculate how the force-extension profile depends on the protein or sequence
parameters. Our results compare well with observed in unzipping of natural-
sequence DNA and DNA with bound proteins. These results point the way to-
ward inferring sequence-related information and protein binding enthalpies
from single molecule unzipping experiments.
833-Pos Board B633
High-Throughput Single Molecule Measurements Confirm a Load-Depen-
dent Association Rate for E-Selectin and Sialyl Lewisa
Jeremy H. Snook, Alexander R. McClure, William H. Guilford.
We previously reported the association rate between E-selectin and sialyl Lew-
isa, two molecules involved in leukocyte adhesion and rolling, to be accelerated
by compressive loads acting between them (Snook and Guilford, 2010). To im-
prove and expand these studies, we have built a magnetic bond pulling system
for high-throughput data collection from single molecules for studies of load-
dependent kinetics. The system allows us to replicate laser trap and biomem-
brane force probe experiments on a larger scale. Four electromagnets are ar-
ranged in a tetrahedron, two above and two below a flow cell. These provide
uniform upward and downward forces, respectively. The system is controlled
through a LabVIEW interface and is capable of producing vertical pushing
and pulling forces up to ~40 pN between receptor-coated surfaces and 3 mm li-
gand-coated superparamagnetic beads. Loads are applied to dozens of beads si-
multaneously, which are tracked through video microscopy with a temporal
resolution of 11 ms. We used the device to investigate the possibility of
a load-dependent rate of association between E-selectin and sialyl Lewisa.
The fraction of contacts forming a bond (‘‘adhesion probability’’) can be fitted
as a function of contact time to determine the 2-dimensional on-rate. This was
done over a range of compressive forces to determine the effect of compressive
force on 2D on-rate. We confirmed that compressive force does indeed increase
the rate of association between E-selectin and sialyl Lewisa. This high-through-
put approach will allow us to more rapidly investigate the origin of this
phenomenon.
834-Pos Board B634
Passive Torque Wrench and Angular Position Detection Using a Single
Beam Optical Trap
James Inman, Scott Forth, Michelle D. Wang.
The recent advent of angular optical trapping techniques has allowed for ro-
tational control and direct torque measurement on biological substrates.
Here we present a novel method that increases the versatility and flexibility
of these techniques. We demonstrate that a single beam with a rapidly ro-
tating linear polarization can be utilized to apply a constant controllable tor-
que to a trapped particle without active feedback while simultaneously
measuring the particle’s angular position. In addition, this device can rap-
idly switch between a torque wrench and an angular trap. These features
should make possible torsional measurements across a wide range of biolog-
ical systems.835-Pos Board B635
Spatial Distribution and Dynamics of Syntaxin-1 in Live PC-12 Cells
James C. Weisshaar, Renee Dalrymple.
The soluble N-ethyl-maleimide-sensitive factor-attachment protein receptor
(SNARE) proteins play an important role in vesicle fusion. The spatial distri-
bution of these proteins in live cells is largely unknown. Clusters of syn-
taxin-1 (Syx-1) were observed previously by Hell, Lang and co-workers
using stimulated emission depletion (STED) on PC-12 cell membrane sheets
with immunostaining.1 The clusters may be docking sites for large dense-
core secretory vesicles (LDCVs), which can then undergo exocytosis. In this
study we transfected rat pheochromocytoma (PC-12) cells with a plasmid en-
coding Syx-1 tagged with the photoactivatable protein mEos2 at the N-termi-
nus. Photoactivation and localization of single molecules was used to study
the distribution of Syx-1 in live PC12 cells, while single particle tracking
(SPT) was used to study the dynamics. The data indicate inhomogeneous dif-
fusion, with some Syx-1 molecules appearing confined and others seemingly
diffusing freely. A plot of is initially linear with a slope corresponding to
a free diffusion constant of ~0.15 mm2/sec. The spatial distribution is somewhat
clustered, but seemingly much less so than in the earlier study of unroofed cells.
LDCVs were imaged in sequence with Syx-1 using EGFP labeled tissue plas-
minogen activator (tPA). Preliminary data suggest that LDVCs visit the plasma
membrane along specific branched paths whose locations tend to be anti-corre-
lated with the distribution of Syx-1.
1JJ Sieber, et al. Science 317, 1072–1076 (2007).
836-Pos Board B636
Single-Molecule Fluorescence Study on Membrane Proteins Derived from
Living Organisms: Application to Drosophila Olfactory Receptor Or83b
Hong-Won Lee, Han-Ki Lee, Si-On Lee, Kipom Kim, Du-Young Min,
Walton Jones, Tae-Young Yoon.
Or83b is a broadly expressed receptor protein for Drosophila melanogaster ol-
faction, but its exact function has not yet been identified. It is still sharply debated
whether Or83b is a simple signal mediator in cooperation with other receptors or
Or83b itself acts as a part of a cation channel. Here, we describe a general meth-
odology for investigating the functionofmembrane proteins, derived from living
organisms, using single-molecule fluorescence techniques. We reconstituted
Or83b and other membrane proteins from Drosophila antennae in 50-nm sized
vesicles. Then, total internal reflection fluorescence (TIRF) microscopy was
used to reveal the stoichiometry ofOr83b reconstituted in vesicles. The function-
ality ofOr83bwas checkedbyfluorometric analysis that detectedCa2þ ion influx
into the proteoliposomes, which could be triggered by addition of odorant mol-
ecules. Our experimentmay provide a generalmethodology for studying various
membrane proteins, which do not have available recombinant forms.
837-Pos Board B637
Single Molecule TIRF Study of Fibrinogen Polymerization
Alina L. Popescu, Kathryn K. Gersh, Dan Safer, John W. Weisel.
We used the bleaching behavior of fluorescently labeled fibrinogen molecules
in total internal reflective fluorescence microscopy (TIRF) together with calcu-
lations of labeling probability to determine the number of active fluorophores
attached nonspecifically to a fibrinogen molecule. From the total intensity of
the bleaching steps - as single molecule signature events - and the probability
of active labeling of the molecules, we obtained a single molecule intensity cal-
ibration. Fibrin fibers were observed and characterized in TIRF by using this
calibration. Fibrinogen polymerization was induced in the TIRF observation
chamber by diffusive mixing of fibrinogen and thrombin, which initiates poly-
merization by cleavage of the fibrinopeptides to produce fibrin. We show that
live observation of fibrin fiber growth in TIRF can be translated by this calibra-
tion in molecular information on the growth kinetics and molecular mecha-
nisms of fibrin fibers formation.
838-Pos Board B638
Imaging an Expanding Molecular Robot World Using Super-Accuracy
Single-Molecule Fluorescence Microscopy
Nicole Michelotti, L. Devon Triplett, Alex Johnson-Buck,
Anthony J. Manzo, Jeanette Nangreave, Steven Taylor,
Milan N. Stojanovic, Hao Yan, Nils G. Walter.
We recently demonstrated the concept of molecular robotics with a synthetic
DNA-based nanowalker, dubbed a ‘‘spider’’ composed of a streptavidin protein
"body" attached to three biotinylated DNA enzyme legs, along a one-dimensional
track of chimeric DNA-RNA substrates positioned on a DNA origami (1,2). By
cleaving its substrates, the spider weakens the binding energy between its legs
andpreviously visited sites, resulting in a biased, processive, randomwalk towards
fresh substrate. Additional components are nowbeing incorporated into the spider
world to increase its versatility and complexity in behavior. For example, we are
implementing a second spider that walks on a different substrate. This spider can
154a Sunday, March 6, 2011be differentially controlled from our original nanowalker via changes in buffer
conditions that favor one spider over the other and vice versa. This advance will
allow us to devise a controlled ‘‘spider race’’ towards a common goal post; de-
pending on the predetermined winner, a payload will either be released from the
goal or not, behaving as an XOR gate. By fluorophore labeling the different com-
ponents, we aim to characterize this spider race at the single molecule level using
super-accuracy total internal reflection fluorescence microscopy (TIRFM).
1. Lund, K., Manzo, A.J., Dabby, N., Michelotti, N., Johnson-Buck, A., Nan-
greave, J., Taylor, S., Pei, R., Stojanovic, M.N., Walter, N.G., Winfree, E.,
and Yan, H. (2010) Molecular robots guided by prescriptive landscapes. Nature
465, pp. 206–210.
2. Michelotti, N., de Silva, C., Johnson-Buck, A.E., Manzo, A.J., Walter, N.G.
(2010) A bird’s eye view: tracking slow nanometer-scale movements of single
molecular nano-assemblies. Methods Enzymol. 475, pp. 121–148.
839-Pos Board B639
Single Molecule Myosin V Dynamics Using High Time Resolution
Polarized TIRF
John F. Beausang, Philip C. Nelson, Yale E. Goldman.
Translocation of the molecular motor myosin along its actin filament track was
studiedusing polarized total internal reflection (polTIRF)microscopy, a technique
that determines the 3D orientation and dynamic wobble of single fluorophores.
The maximum time resolution of the experimental setup was increased 50-fold
by cycling through 8 different input laser paths and linear polarizations in approx-
imately 1 ms. The arrival time and polarization state of each photon was recorded
using a modified time-correlated single photon counting module. A new analysis,
theMultiple Channel Change Point algorithm, was developed to detect changes in
molecular orientation and wobble using the raw time-stamped data with no
user-defined bins or thresholds. The analysis objectively identified changes in ori-
entation andwobble of each fluorophore with a time resolution limited only by the
photon counting rate. The polarized fluorescence from single rhodamine probes
bifunctionally attached to one of the calmodulins on the myosin V lever arm
was recorded as themotor translocated along a fixed actin filament in the presence
of ATP. At the low (10 uM) ATP concentrations used here, the time intervals be-
tween sudden polarization changes averaged 120 ms and corresponded to stable
orientations of the lever arm after each step. Occasionally, 10–80 ms substeps
with increased probe wobble were detected between the longer duration dwells,
possibly corresponding to the putative diffusive search of the detached head for
its next actin binding site. Periods of large wobble were also detected at the end
of many runs and when molecules were attached to actin in the absence of ATP.
In both situations motors are probably bound to actin by only one head. This
work was supported by NSF grants DMR-0832802, EF-0928048, IGERT
DGE02-21664 and NIH grant GM-086352.
840-Pos Board B640
Hyperspectral Line Scanning Microscopy for High-Speed Multicolor
Quantum Dot Tracking
Michael Malik, Patrick J. Cutler, Sheng Liu, Jason Byars, Diane Lidke,
Keith Lidke.
One of the fundamental goals in observing protein-protein interactions on the
cell membrane is achieving nanometer scale spatial resolution along with tem-
poral resolution sufficient to study live cell behavior. Traditional fluorescence
microscopy methods have been unsuccessful in studying these interactions due
to the diffraction limit with visible light. Single particle tracking techniques us-
ing quantum dots have provided single particle localizations to well below the
diffraction limit, however, clustering of multiple particles limits the unique
identification and thus tracking of individual particles throughout the (possibly
dynamic) clustering process. This problem can be solved by tracking multiple
quantum dot colors using a high-speed hyperspectral microscope.
We have developed a high-speed hyperspectral microscope based on a line scan-
ning design that is capable of up to 30 frames/sec with 128 spectral channels per
pixel (ranging from 500-800 nm) with a sample area of ~30 ym2.We describe the
details of the microscope optical design details and layout, and show the results of
excitation and emission path characterization.We image RBL-2H3 cells with IgE
that has been conjugated with various colors of QDs (to give a near 1:1 QD:IgE
ratio) and image at 30 frames per second. By imaging in both the presence and ab-
sence of crosslinking DNP-BSA, we demonstrate the ability to identify dynamic
interactions and/or oligomers at spatial scales below the diffraction limit.
841-Pos Board B641
In-Vivo, Single-Molecule Characterization of the MinCDE System’s
Localization and Dynamics
Jackson A. Buss.
In bacteria cell division, the accurate placement of the septal ring at midcell is
of inherent importance. One important system in E. coli that performs this task
is the MinCDE system, which prevents peripheral division complex formationthrough the pole-to-pole oscillation of MinC, a known FtsZ antagonizer. It was
proposed that this oscillatory redistribution is driven by the molecular interac-
tions intrinsic to MinD and MinE, namely cooperative membrane-bound
self-assembly and regulation of membrane association-dissociation via ATP
binding and hydrolysis. However, the molecular details of this proposal are dif-
ficult to verify in vivo using conventional ensemble-based methods due to the
highly dynamic nature of the system. In this work we employ single-molecule
techniques in live E. coli cells to identify structural details of the previously re-
ported cytoskeleton-like, helical framework of the Min proteins with 30-nm
spatial resolution, and their membrane-associated dynamics with millisecond
time resolution. We provide evidence elucidating molecular mechanisms re-
sponsible for the periodic, self-organized behavior of the system, shedding light
on the mechanism employed to govern proper placement of the septum.
842-Pos Board B642
Measuring Hopping Energies of Individual Biomolecules
Jean-Baptiste Masson, Silvan Tu¨rkcan, Marianne Renner, Maxime Dahan,
Antigoni Alexandrou.
Hopping is associated to escaping events of systems that were previously con-
fined or localized. In biology, hopping happens when membrane proteins lo-
cally confined ‘‘jump’’ to another confinement domain, when proteins sliding
on DNA leave the double strand to diffuse in the local environment or when
some neurotransmitters move near synapses.
We recently implemented a novel inference approach that exploits the full in-
formation stored in a biomolecule trajectory to extract force [1] and diffusivity
maps [2] from non-equilibrium tagged biomolecule motion. We showed that,
when the motion is confined, only a few hundred points were necessary to ex-
tract precise and accurate maps.
We here introduce a new inference scheme, still based on biomolecular motion,
able to extract hopping energy of escaping biomolecules. A potential energy,
developed in a polynomial basis, is inferred from the motion of the biomolecule
and the average hopping energy (as well as its standard deviation) is extracted
from the Monte Carlo sampling of the Posterior distribution of the potentials.
Inference performed on numerical trajectories shows good agreement between
the extracted and the input values even when there is a unique hopping event.
We apply this method to various membrane proteins exhibiting both 1D and 2D
motion.
This method allows quantitative measuring of biochemical data from individual
biomolecules in vivo.
[1] J.-B. Masson et al, PRL 102, 048103 (2009).
[2] G. Voisinne et al, Biophys. J. 98(4), pp 596–605 (2010).
843-Pos Board B643
Accommodating Drift in HiddenMarkov Analysis of Single-Molecule Data
George A. Emanuel, Tatiana Kuriabova, Amanda E. Carpenter,
M.D. Betterton, Thomas T. Perkins.
Single-molecule techniques are increasingly used to measure state transitions in
biomolecules. These data are typically a noisy time series with discrete transi-
tions that reflect underlying distinct states; examples include the opening and
closing of DNA hairpins, and the folding and unfolding of proteins. Hidden
Markov models (HMMs) have been successfully used to infer transitions be-
tween the underlying states from noisy data. However, HMMs are typically ap-
plied to ratiometric data (e.g., FRET studies of RNA folding) and do not
perform well on data that include drift. Yet, drift is common in real-space re-
cords from optical traps and atomic force microscopes. We developed
a HMM that accommodates experimental drift using low-order Fourier modes.
We use simulated traces to demonstrate the improved performance of our
method and illustrate its use on measurements of single TATA-box binding
proteins bending and unbending DNA.
844-Pos Board B644
Extending Fragment Based Free Energy Calculations with Library Based
Monte Carlo Simulation: Annealing in Interaction Space
Steven Lettieri, Artem B. Mamonov, Daniel M. Zuckerman.
Pre-calculated libraries of molecular fragment configurations have previously
been used as a basis for both equilibrium sampling (via ‘‘library-based Monte
Carlo’’) and for obtaining absolute free energies using a polymer-growth formal-
ism. Here, we combine the two approaches to extend the size of systems for
which free energies can be calculated.We study a series of all-atom poly-alanine
systems in a simple dielectric ‘‘solvent’’ andfind that precise free energies can be
obtained rapidly. For instance, for 12 residues, less than an hour of single-proces-
sor is required. The combined approach is formally equivalent to the ‘‘annealed
importance sampling’’ algorithm; instead of annealing by decreasing tempera-
ture, however, interactions among fragments are gradually added as the mole-
cule is ‘‘grown.’’ We discuss implications for future binding affinity
calculations in which a ligand is grown into a binding site.
